In vitro bone culture technique was developed by the modification of the Goldhaber's method. Using this method, pyrophosphate was found to inhibit PTH induced bone resorption as judged by the release of previously incorporated Ca45 into the medium and by the histological findings. Furthermore, addition of pyrophosphate markedly enhanced the thyrocalcitonin inhibition of bone resorption in this system. These findings, together with the previous findings that pyrophosphate enhances the hypocalcemic response to TC in vivo, strongly suggest the favorable effect of the combined use of pyrophosphate and TC in the bone diseases characterized by excessive bone resorption.
Thyrocalcitonin (TC) exerts its hypocalcemic effect through the inhibition of bone resorption. .
Direct evidence for such a mechanism was obtained in tissue culture by Friedman and Raisz (1965) , Aliapoulios et al. (1966) , Gaillard (1966) and Reynolds et al. (1968) . The administration of phosphate has also been shown to lower blood calcium probably through increasing deposition of bone salt. (Pechet et al., 1967) .
Furthermore, phosphate markedly enhanced the hypocalcemic response to TC in rats. (Hirsch 1968; Orimo et at, 1969) .
In the previous paper, we have demonstrated the hypocalcemic effect of pyrophosphate and also its enhancing effect of TC in rats. (Orimo et al., 1969) .
In the present report, we have studied the in vitro effect of pyrophosphate on bone resorption in tissue culture and also its enhancing effect of TC in this system.
Materials and Methods
The methods used were the modification of Goldhaber's technique. (Goldhaber, 1965) . These materials are sterilized by passing through the millipore filter and the volume of 0.1ml was added to the medium at the time when the medium was changed. The data in each experiment were subjected to analysis of variance. The standard errors were obtained from the residual error term of the analysis of variance. The means were compared using the multiple comparison test of Hartley. (Snedecor et al., 1967) .
Results
Effect of pyrophosphate on bone resorption As shown in Figure 1 , addition of 5 and 10 uM of pyrophosphate significantly inhibited the increased release of Ca45 induced by PTE 48 hrs. after the incubation in a dose related manner. Gross appearance of the calvariae which were stained by Von Kossa method after a 6 day culture of another experiment of similar design also suggested the inhibition of PTE induced bone resorption by pyrophosphate. (Fig. 2) As shown in the next experiment, addition of graded doses of pyrophosphate demonstrated a dose related inhibition of Ca45 release in PTE stimulated cultures. (Fig. 3 ) In these experiments, medium was changed every other day.
Effect of graded dose of TC on bone resorption
As shown in Figure 4 , there was a doserelated inhibition of Ca45 release in PTE stimulated culture by TC during 48 hrs. incubation. It was found that TC 15MRCmU/tube caused the maximal inhibition of PTE stimulated Ca45 release during 48 hrs. (Fig. 4) Time course study with TC When TC was added to the medium initially, it resulted in the marked inhibition of Ca45 release in PTE treated medium during the first 2 days. Subsequently this inhibitory effect of regarded as a synergistic rather than an additive effect. After 4 days of culture, no significant inhibition of Ca45 release occurred in the presence of TC. This was consistent with the previous result. However, addition of pyrophosphate apparently prevented the loss of the TC effect. Addition of pyrophosphate thus appears to restore the reactivity of the bone to TC apparently lost after 4 days culture. Gross appearance of the calvariae stained by Von Kossa method after 6 day culture also indicated the pyrophosphate enhancement of TC on PTE induced bone resorption. (Fig. 7) 
Discussion
Although the bone culture system developed by Goldhaber contributed a great deal to the elucidation of the mechanism of bone resorption (Goldhaber, 1965) , one of the disadvantage of this technique might be the difficulty in the evaluation of bone resorption quantitatively, especially at the early stage of the culture.
In an attempt to express the bone resorption more quantitatively, a modification was made to this system by measuring the release of previously incorporated Ca4s from the calvariae into the medium according to the method of Raisz (1965) . The combination of the two parameters, gross appearance of the calvariae stained by the Von Kossa method and the release of previously incorporated Ca45 in the medium enabled us to show the small difference in the bone resorption much more quantitatively. Considerable evidence for the inhibitory effect of TC on bone resorption has already been presented through studies in vivo (Milhaud, 1968; Johnston,1966; Wallach, 1967; Martin, 1966; O'riordan, 1966) and in vitro (Friedman et al., 1965; Aliapoulios et al. , 1966; Gaillard, 1966; Reynolds et al., 1968) .
It is also known that TC can block both the early effect of PTH on calcium transport and the subsequent cell transformation in tissue culture. However, TC does not appear to act simply as a competitive antagonist to PTH since its initial effect can not be overcome by increasing doses of PTH.
Moreover, TC inhibits resorption from either vitamin A stimulated or unstimulated bones in the absence of PTH. (Friedman et al., 1968) Recently, Raisz et al. (1967) made an interesting observation that during the prolonged culture the inhibitory effect of TC on PTE stimulated bone resorption were only temporary despite repeated administration of fresh TC.
They named this phenomenon "escape" and claimed that it required the continuous presence of TC preparation in the culture medium. Our finding that TC is only effective during the in the culture under constant stimulation with PTH is consistent with their finding. However, the fact that bone is not completely insensitive to the inhibitory effect of large doses of TC even after prolonged culture might suggested that this escape phenomenon merely represents a shift in dose-response curve as seen in acquired drug tolerance.
There is a possibility that our finding may be different from the escape phenomenon originally described by Raisz, since we have used the heterogenous porcine TC in our system (mouse calvariae) and Raisz et al. used the homogenous rat TC in their system (rat bone). Raisz et al. (1967) claim that the escape phenomenon can also occur in vivo. However, an unpublished experiment (Orimo, 1969) showed no indication of reduced effects of TC after repeated injections. In rats treated with porcine TC twice daily for 3 weeks, TC was as effective in producing hypocalcemia in the first week as at the end of the period. If this escape phenomenon can also occur in human, it will be a serious problem in its therapeutic trial in disorders of calcium metabolism. Administration of phosphate has been shown to lower blood calcium probably through the increase in bone mineralization. (Pechet et al., 1967) Pyrophosphate also shares such a hypocalcemic property according to the results of the previous study (Orimo et al., 1969) . Fleisch et al., (1962) are of the opinion that pyrophosphate, a normal constituent of plasma, may be important in inhibiting calcification both in vitro and in vivo. When apatite crystals are equilibrated with a solution in which the final concentration of pyrophosphate is that of plasma, pyrophosphate has two important effects on their behavior: prevention of the further growth of the crystals (Fleisch et al., 1966a) and the retardation of their rate of dissolution (Fleisch et al., 1966b) . Our findings that the addition of pyrophosphate markedly inhibited the release of previously incorporated Ca4 S into the medium, together with the histological evidence, strongly suggest the pyrophosphate inhibition of bone resorption. It has been suggested that mineralization will be initiated by removal of the inhibitor, pyrophosphate, through the action of pyrophosphatase. The fact that the amount of pyrophosphate sufficient to inhibit soft tissue calcification apparently has no histological effect on the further calcification and growth of already calcified bone in intact rat (Irving et al., 1966) might be due to the large amount of pyrophosphatase in the bone. Particularly interesting is the enhancement of pyrophosphate on the response of bone to TC in our system. Since the addition of pyrophosphate alone markedly inhibits the PTE induced bone resorption, the mechanism of the pyrophosphate enhancement of TC effect may be due to further inhibition of bone resorption by pyrophosphate and TC.
Furthermore, our results suggest that pyrophosphate appears to inhibit the occurrence of escape phenomenon with TC.
According to our unpublished data (Orimo et al., 1969) , neutral phosphate also enhances the TC effect in this system. Addition of 3 tive alone, markedly enhanced the inhibitory effect of 5 mU of TC on the PTE induced bone resorption. Furthermore, the addition of neutral phosphate apparently inhibited the occurrence of escape phenomenon with TC. This enhancing effect of phosphate on the response to TC was originally found in rat by Hirsch (1968) . Our present in vitro data are consistent with these in vivo findings and clearly shows the enhancing effect of phosphate and pyrophosphate at the bone level.
